The NMR difference is attributed to the delicate cancellation on the O sites of these AF fluctuations. The success of such models is dependent upon the AF spin correlation having a large peak very close or at wavevector (π, π). Neutron scattering experiments have detected a spin correlation peak at incommensurate wavevectors (π ± δ, π) and (π, π ± δ) with δ ≈ 0.2π, spoiling the initial success of the models.
The models can be corrected by adding in next-nearest and next-next-nearest neighbor hyperfine couplings of the Cu atoms to the O sites to cancel the incommensurate fluctuations, 5 but the required hyperfine couplings are chemically too large. Finally, these models suffer from the lack of a microscopic derivation of the wavevector, temperature, and doping dependence they require the spin fluctuation function (i.e., the spin susceptibility χ(q, kT )) to satisfy in order to fit experiments. Thus, we regard expressions for χ(q, kT )
as empirically devised to fit the NMR experimental data.
Recently, we proposed an Interband pairing model (IBP) 6, 7 for superconductivity that can explain the different Cu and O NMR without invoking AF fluctuations and the functional form of the spin susceptibility. In IBP, the incommensurate spin fluctuation peaks observed by spin neutron scattering arise naturally from the microscopic computed three dimensional (3D) band structure (but not the 2D band structure we computed previously), yet they do not lead to the NMR problems of AF spin fluctuation models.
The IBP model is based on the idea that in the vicinity of special symmetry directions,
Cooper pairs comprised of a k ↑ electron from one band and a −k ↓ electron from a different band are formed (interband pairs) and couple to standard BCS-like Cooper pairs (k ↑ and −k ↓ from the same band) elsewhere in the Brillouin zone. In particular for LaSrCuO, the crossing occurs between a Cu d x 2 −y 2 band and a Cu d z 2 band along the diagonals In this paper, we derive the key NMR observations based upon the detailed 3D band structure we obtained recently. 10 This explanation supersedes the NMR discussion in our previous work that was based upon a 2D band with an approximate 3D dispersion and is significantly different in the details. The essential features remain the same. These are: A new piece of chemistry appears in this paper in order to produce the small increase (≈ 0.1%) in the O spin relaxation rate over temperature (1/T 1 T ) from 50K to 300K that was not required in the 2D model. That is the Jahn-Teller 5
• alternating tilt of the CuO 6 octahedra reducing the crystal point group from D 4h to D 2h and changing the Bravais lattice from body-centered tetragonal to one-face-centered orthorhombic. 8 The distortion splits the saddle point peak in the DOS at wavevector (π/a, 0, π/c) and (0, π/a, π/c) into two peaks. Hume-Rothery and Jahn-Teller type arguments suggest the material will selfadjust to place its Fermi level between these two peaks because the unperturbed saddle point singularity is so close to the Fermi energy. We argue, but do not compute, that the distortion leads to the O 1/T 1 T increase with T and suggest this is the reason these systems have a tendency to self-dope to optimal doping for the highest T c .
3D Band Structure
The 3D Fermi surface for optimally doped La 
The Cu and O NMR
We use standard expressions for the nuclear spin relaxation rates due to delocalized electrons that are well described by simple Bloch states to form bands. The general expression for the spin relaxation rate in the cuprates where we neglect the contribution from the Cu 4s and O 2s contact terms and the core polarization is,
where f (ǫ) is the Fermi-Dirac function, f (ǫ) = 1/(e β(ǫ−µ) + 1) at energy ǫ and µ is the chemical potential. γ e and γ n are the electronic and nuclear gyromagnetic ratios, < 1/r 3 > is the mean value of 1/r 3 for the relevant orbital, W dip (ǫ) is a function of the bare density of states of the orbitals for dipolar relaxation, and W orb (ǫ) is the similar expression for orbital relaxation.
For Cu relaxation with the magnetic field normal to the CuO planes (z-axis), W dip and W orb are given by,
where N (d x 2 −y 2 )(ǫ) and N (d z 2 )(ǫ) are the total bare density of states for their respective orbitals. We take < 1/r 3 >= 6.3 a.u. for Cu 13 and make the crude approximation 6 of 3.0 a.u. for O.
The inclusion of Cu 4s and the effects of core polarization will lead to a small change in the computed magnitude of the Cu spin relaxation and Knight shift, but should not change the overall qualitative behavior. The O 2s can increase the magnitude of the O relaxation rate by an order of magnitude due to its large density at the O nucleus but as discussed above, cannot alter the qualitative behavior of the relaxation and Knight shift curve because by symmetry, no 2s character appears at (π/a, π/a).
In most metals, the bare densities of states that appear in equations (2) and (3) can be taken to be constant over the range µ ± kT around the Fermi level. The integral in equation (1) is thereby over f (1 − f ) and is equal to the temperature kT . Hence, 1/T 1 T is a constant. Due to the band crossing, the closeness of the Fermi level to the saddle point singularity in the DOS at (π/a, 0, π/c) and the top of the lower band, the bare densities of states cannot be taken to be constant over the range of energies relevant for computing the NMR. In addition, the chemical potential µ increases with increasing temperature in order to maintain particle conservation. Thus, µ must be solved for self-consistently at every temperature.
Figures 4a and 4b show the calculated Cu and O spin relaxation rates over temperature 1/T 1 T for a z-axis magnetic field. The Cu 1/T 1 T initially rises due to the sharp increase in the d z 2 bare DOS just below the Fermi level from the DOS peak at (π/a, π/a).
As the temperature is further increased, the chemical potential increases to maintain particle conservation and the integral in equation (1) The most important point to note here is that the decrease of the O relaxation is very small compared to the scale of the Cu relaxation decrease. Although, with the present calculations the small observed increase is not reproduced, we have already attained considerable success in obtaining such a dramatic difference in the Cu and O NMR. By considering the orthorhombic CuO 6 tilt in the following section, we will argue that in fact, the observed increase can be obtained by our model.
The expressions for the various Knight Shifts are explicitly written down in reference 6 and are not reproduced here. As before 6 , we must assume that d z 2 and Cu 4s interfere such that the net dipolar field due to the d z 2 and the Cu 4s hybrid is of the opposite sign of a single d z 2 in order to lead to an increase in the Cu Knight shift with increasing temperature and the lack of strong temperature dependence of the shift for a z-axis field.
This is discussed in detail in reference 6.
The one additional point in favor of the sign flip of the dipolar field of d z 2 due to interference with the 4s for our 3D model as compared to our 2D model is that in the 3D model, d z 2 holes appear in the vicinity of (0, 0, π/c). At (0, 0), 4s character will mix with 
Orthorhombic Distortion
The orthorhombic CuO 6 octahedra tilt in La 1.85 Sr 0.15 CuO 4 splits the DOS peak at (π/a, 0, π/c) and (0, π/a, π/c) into two peaks at energy shifts ǫ 0 ± δ where ǫ 0 is the original energy. This leads to a local gap in the energy between these two values in the vicinity of the saddle point. As the contribution to the DOS is large here, one expects the total DOS to be much smaller between the two peaks. Chemically, one expects the size of δ to be on the order of 0.01 − 0.05 eV or greater. The Fermi level will therefore fall between the two peaks. The overall effect on the Cu NMR will be small due to the dominance of the (π/a, π/a) peak for Cu. On the other hand, this distortion will dramatically change the O NMR from slightly decreasing to slightly increasing as observed by experiment. We believe this is the reason for the O NMR increase with temperature for LaSrCuO.
One also expects the system will adjust itself to place its Fermi level between the two peaks in order to lower its total free energy. This is essentially a Hume-Rothery or JahnTeller type argument. Such a mechanism provides a simple explanation for the tendency of several cuprates to "self-dope" to the optimal doping for T c .
Conclusions
We 
